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The redistribution of melanin granules within
dermal and epidermal melanocytes of the frog is
responsible for changes in skin color. Surviving
frog skin can be lightened and darkened by many
different compounds (I). When the granules are
dispersed into the branched processes of individual
melanocytes, the skin appears dark. When melanin
granules are aggregated in the perikaryon, the
melanocyte appears rounded or punctate by light
microscopy and the skin is light . Melanocyte
stimulating hormone (MSH) causes melanin
granule dispersion, and an increase in cyclic
adenosine 3,' ,5'-monophosphate (cyclic AMP) in
frog skin (2, 3) . Cyclic AMP itself causes pigment
granule dispersion; accordingly, it has been
postulated that the pigment granule dispersive
effect of MSH is mediated by cyclic AMP which
functions within the melanocyte as a second
messenger (4, 5). The transducer between cyclic
AMP and pigment granule dispersion has not been
identified; however, recent observations have sug-
gested that microfilaments are the intermediary
between MSH and granule dispersion (6, 7) . We
have reported that microfilaments are abundant
in epidermal melanocytes of frog skin darkened by
MSH and that cytochalasin B, a compound that
interferes with microfilaments (8), prevents MSH-
darkening. When cytochalasin B was added to a
skin previously darkened by MSH, the pigment
granules of both dermal and epidermal melano-
cytes rapidly aggregated. It was concluded from
these observations that microfilaments were the
structural elements responsible for pigment granule
dispersion caused by MSH .
If this conclusion is correct, then the pigment
granule dispersive effect of cyclic AMP should be
prevented by cytochalasin B . In this report, we
will show that the darkening of dermal and
epidermal melanocytes by dibutyryl cyclic AMP
(DBcAMP) and theophylline is prevented and
reversed by cytochalasin B .
It was necessary in these and previous experi-
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THE JOURNAL OF CELL BIOLOGY µ VOLUME 52, 1972 µ pages 754-758FIGURE I a Frog skin chamber. Section through chamber with dimensions in inches . The two black bars
above and below the plexiglas chamber indicate O rings . A segment of frog skin is shown transfixed by
steel pins.
FIGURE 1 b Photograph of chamber containing frog
skin. The base plate has been removed to show keys at
11 and 1 o'clock.
ments to examine the same cells for several hours .
A chamber was designed which permitted the
rapid location of cells by the coordinate grid of the
microscopic stage .
MATERIALS AND METHODS
The skin was removed from a decapitated Rana
pipiens and washed in frog Ringer's solution for 2
hr. A portion of dorsal back or thigh skin was
mounted in the chamber designed for this study.
Dermal and epidermal interspot areas were ex-
amined and photographed by bright field micros-
copy using a long working distance condenser . The
features of the chamber shown in Fig. I are: (a)
small volume, approximately 0.5 ml; (b) good
optical path. The skin which is transfixed with
steel pins adheres to the upper cover slip roof. A
cover slip also forms the bottom of the chamber ;
(c) the dermal surface of the skin is in contact with
the contents of the chamber ; (d) the base plate is
keyed to position accurately the chamber and to
permit rapid and reproducible location of in-
dividual cells.
The following chemicals were obtained com-
mercially : Dibutyryl adenosine 3I ,5'-monophos-
phate (DBcAMP) from Sigma Chemical Co., St.
Louis, Mo., theophylline from Nutritional Bio-
chemicals Corporation, Cleveland, Ohio, and
cytochalasin B (CB) from Imperial Chemical
Industries Ltd., Cheshire, England. The chamber
was fabricated by Mr. William Castor of the
Ophthalmology Department at Yale.
OBSERVATIONS
Exposure of frog skin to DBcAMP and theo-
phylline, an inhibitor of phosphodiesterase, causes
pigment granule dispersion in both dermal and
epidermal melanocytes. If frog skin, lightened by
washing in Ringer's solution, was first exposed to
cytochalasin B, 5 ug/ml for 30 min, then the
further addition of DBcAMP 5 X 10-s M and
theophylline 5 X 10-a M effected only slight
granule dispersion in either dermal or epidermal
melanocytes (Fig. 2).
In the following experiment cytochalasin B was
found to reverse pigment granule dispersion
caused by DBcAMP and theophylline . Pigment
BRIEF NOTES 755FIGURE 2 Cytochalasin B prevents granule dispersion by DBcAMP and theophylline . Frog skin was
exposed to cytochalasin 5 jug/ml in Ringer's solution for 30 min. Epidermal (Fig. 2 a) and dermal (Fig.
2 b) melanocytes appeared punctate. The dendritic processes are not visualized by light microscopy
because they contain no pigment granules. Addition of DBcAMP 5 X 10-1 M and theophylline 5 X 10-3 M
caused only slight pigment granule dispersion in epidermal (Fig. 2 c) and dermal (Fig. 2 d) melanocytes.
Photographs 2 c and 2 d were obtained after exposure to DBcAMP and theophylline for 35 min. X 330.
756granules were aggregated in both epidermal and
dermal melanocytes by washing frog skin in
Ringer's solution (Fig . 3 a). When the contents of
the chamber were replaced with Ringer's solution
containing 5 X 10-1 M DBcAMP and 5 X 10-1 M
theophylline, pigment granules were dispersed in
both epidermal and dermal melanocytes (Fig . 3 b).
The addition of cytochalasin B (5 µg/ml) to the
Ringer's solution containing DBcAMP and theo-
phylline produced rapid centripetal movement of
the pigment granules in the dermal and epidermal
melanocytes (Fig. 3 c). Pigment granules in both
epidermal and dermal melanocytes could be re-
dispersed by further exposure to DBcAMP and
theophylline after washing out cytochalasin B,
DBcAMP, and theophylline . These experiments
provided convincing evidence that cytochalasin B
reverses and prevents pigment granule dispersion
mediated by DBcAMP and theophylline.
DISCUSSION
Recently, we (6) have argued that microfilaments
are the transducer between MSH and pigment
granule dispersion . Cytochalasin B caused aggrega-
tion of pigment granules dispersed by MSH, and
previous exposure of frog skin to cytochalasin B
prevented granule dispersion by MSH. Examina-
tion of ultrastructure revealed abundant micro-
filaments in epidermal melanocytes, in which
pigment granules were dispersed, and rare micro-
filaments in melanocytes in which granules were
aggregated. The present study supports those find-
ings and suggests that cytochalasin, which affects
many different biological systems by disrupting
microfilaments (8, 9, 10), has its effect distal to
the formation of cyclic AMP. It thus appears that
microfilaments are the transducer between cyclic
AMP and pigment granule dispersion. The
emerging picture of granule dispersion in am-
phibian melanocytes is shown in Fig. 4. The linkage
between cyclic AMP, microfilaments, and pigment
granule dispersion is not understood .
The work was supported by United States Public
Health grant numbers AM 13929, AM 1003, AM
focus ; larger dermal melanocytes can be seen . Fig. 3 b,
Pigment granule dispersion following exposure to
FIGURE 3 Cytochalasin B reversed pigment granule DBcAMP and theophylline 5 X 10-1 M for 39 min.
aggregation caused by DBcAMP and theophylline. Fig. Fig. 3 c, Reversal of pigment granule dispersion by
3 a, Frog skin washed with Ringer's solution ; pigment addition of cytochalasin B for 140 min . Granule ag-
granules are aggregated. An epidermal melanocyte is in gregation was similar in degree at 35 min. X 330.
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FIGURE 4 Scheme of proposed involvement of microfilaments in cyclic AMP induced pigment granule
dispersion ; straight lines indicate stimulation, crooked lines indicate inhibition.
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